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ABSTRACT

Background: Korea has a periodic general health check-up program that uses the Korean
Dementia Screening Questionnaire-Cognition (KDSQ-C) as a cognitive dysfunction
screening tool. The Alzheimer Disease 8 (ADS8) and Subjective Memory Complaints
Questionnaire (SMCQ) are also used in clinical practice. We compared the diagnostic ability
of these screening questionnaires for cognitive impairment when completed by participants
and their caregivers. Hence, we aimed to evaluate whether the SMCQ or AD8 is superior to
the KDSQ-C and can be used as its replacement.

Methods: A total of 420 participants over 65 years and their informants were recruited from
11 hospitals for this study. The patients were grouped into normal cognition, mild cognitive
impairment, and dementia subgroups. The KDSQ-C, ADS8, and SMCQ were completed
separately by participants and their informants.

Results: A receiver operating characteristic analysis of questionnaire scores completed

by participants showed that the areas under the curve (AUCs) for the KDSQ-C, AD8, and
SMCQ for diagnosing dementia were 0.75, 0.8, and 0.73, respectively. Regarding informant-
completed questionnaires, the AD8 (AUC of 0.93), KDSQ-C (AUC 0f 0.92), and SMCQ (AUC
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0f 0.92) showed good discriminability for dementia, with no differences in discriminability
between the questionnaires.

Conclusion: When an informant-report is possible, we recommend that the KDSQ-C
continues to be used in national medical check-ups as its discriminability for dementia is not
different from that of the AD8 or SMCQ. Moreover, consistent data collection using the same
questionnaire is important. When an informant is not available, either the KDSQ-C or AD8
may be used. However, in the cases of patient-reports, discriminability is lower than that for
informant-completed questionnaires.

Keywords: Cognition; Dementia; Self-Report; Self-Assessment; Questionnaire

INTRODUCTION

With the rapid increase in the elderly population in Korea, dementia has emerged as a major
health problem.! The Korean government has instituted a national screening program for
transitional ages (NSPTA) that includes screening for cognitive dysfunction at ages 66, 70, and
74 years, and which has been covered by the National Health Insurance since 2007.2 The primary
screening tool in the NSPTA to detect cognitive dysfunction has been The Korean Dementia
Screening Questionnaire-Prescreening (KDSQ-P), while The Korean Dementia Screening
Questionnaire-Cognition (KDSQ-C) has been used for secondary screening.3 Although

the KDSQ-P and KDSQ-C were designed to be completed by a reliable informant, these
questionnaires are frequently completed by the patient him- or herself. Since 2018, the NSPTA
has been integrated into the periodic general health screening program and the KDSQ-P is no
longer used; the KDSQ-C is used as a one-step screening tool. The KDSQ-C is a semi-structured
questionnaire that includes 15 questions that assess memory impairment, other cognitive
impairments including language impairments, and the ability to perform complex tasks in daily
life. The KDSQ-C has answer options of ‘no,’ ‘sometimes,” and ‘often,’ which are scored as 0, 1,
2, respectively. A score of 6 is considered a valid threshold to identify dementia.4

Several other screening tools for dementia have been also used in Korea. The Alzheimer
Disease 8 (AD8), developed by Galvin et al.5 in 2005, is useful to distinguish between normal
cognitive function (Clinical Dementia Rating [CDR]® of 0), mild cognitive impairment (MCI),
and very early dementia (CDR of 0.5). It consists of eight questions about changes in memory
(answered with ‘yes’ or ‘no’), orientation, problem-solving ability, and activities of daily
living.5 Although the AD8 was originally developed to be completed by an informant other
than the patient, it may also be completed by patients themselves.’8 A Korean version of the
ADS has also been developed, and a score of 2 was considered a valid threshold to distinguish
dementia.? Using a cut-off score of 2, the AD8 showed a sensitivity of 0.74 and specificity of
0.86 for discriminating normal cognition from MCI and mild dementia.10

The Subjective Memory Complaints Questionnaire (SMCQ) is a patient-completed screening
test for subjective cognitive decline (SCD) developed by Youn et al.11 in 2009. The authors
suggest that the SMCQ can discriminate elderly patients with dementia from those without
dementia.ll The questionnaire consists of 14 items including subjective reports of general
memory and everyday memory. Each question is answered with ‘yes’ or ‘no’ and scored as 1
or O points, and a score of 6 is used as the cut-off. The SMCQ has shown a sensitivity of 0.75
and specificity of 0.69.11 The validity of the questionnaire when completed by a caretaker of
the patient has not been assessed.
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Elderly patients who undergo a national health screening often do this in the absence of a
caregiver, which means that the KDSQ-C questionnaire for cognitive dysfunction is often
performed by the patient although they have originally been designed to be completed by an
informant.4 Therefore, concerns about KDSQ-C questionnaires completed by patients have
been raised. The SMCQ, which was originally developed as a self-report questionnaire, has
been suggested as an alternative to the KDSQ-C, as has the ADS.

Therefore, the current study aims to examine these concerns by comparing the diagnostic
ability of screening questionnaires for cognitive impairment when completed by the patient
or an informant during periodic national health screening visits. Specifically, we aimed to
evaluate whether the SMCQ or the ADS is superior to the KDSQ-C and can be used as its
replacement.

METHODS

Participants

From August 2017 to April 2018, a total of 420 participants (200 healthy controls, 50 with
MCI, 120 with Alzheimer disease [AD], and 50 with other dementias) aged 65 years and
above and their informants were recruited from 11 hospitals across Korea, located in Seoul
(7), Gyeonggi (3), and Busan (1). These participants were recruited from the department

of neurology or the psychiatry outpatient clinic at each hospital or from regional dementia
centers in local districts (Mapo-gu, Yangcheon-gu, Gangseo-gu) of Seoul. All participants
were examined by an experienced neurologist or psychiatrist and were divided into three
subgroups: normal cognition, MCI, and dementia. Participants with normal cognition were
defined as cognitively and functionally normal and independent, and fulfilled the health
screening exclusion criteria by Christensen et al.12 The normal group had a Mini-Mental
State Examination (MMSE) score > 1.0 standard deviation (SD) below the norm. MCI was
diagnosed based on the criteria of Peterson.13:1 The specific inclusion criteria for MCI were
as follows: 1) patient, informant or both reported cognitive decline, 2) cognitive impairment
(< 1.5 SDs below age and education-adjusted norms) in > 1 domain (executive function,
memory, language, or visuospatial) on standard neuropsychological tests, 3) normal
functional activities, and 4) no presence of dementia according to criteria of the Diagnostic
and Statistical Manual of Mental Disorders, Fourth edition, Text Revision (DSM-IV-TR).15

Dementia was categorized as either AD, vascular dementia, frontotemporal dementia (FTD),
or dementia with Lewy bodies (DLB). AD was diagnosed based on the probable AD criteria
proposed by the National Institute of Neurological and Communicative Disorders and Stroke
and AD and Related Disorders Association!6 as well as DSM-IV-TR.15 Vascular dementia was
diagnosed based on the DSM-IV-TR criterial> for vascular dementia. FTD was diagnosed
based on ‘research criteria for frontotemporal dementia’.17 DLB was diagnosed with the
probable DLB criteria proposed in the third report of the DLB consortium.18 Recruitment was
limited to patients with very mild to moderate dementia with a CDR of 0.5, 1, or 2.

Individuals with structural or laboratory testing abnormalities that could lead to cognitive
decline were excluded. These abnormalities included head injury that resulted in loss

of consciousness or cognitive impairment for more than an hour; a history of cerebral
hemorrhage or subarachnoid hemorrhage; a space-occupying brain lesion; cognitive
impairment associated with neurosyphilis; HIV infection, thyroid abnormalities, vitamin
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B12 or folate deficiency; and history of metabolic encephalopathy. All individuals with Axis I
psychiatric disorders, including depression, anxiety, and obsessive-compulsive disorder, were
excluded. Individuals with a physical illness or disorder that could interfere with the clinical
study, including hearing or vision loss, aphasia, severe cardiac failure, severe respiratory
illnesses, uncontrolled diabetes, malignancy, or hepatic failure or renal disorders with
dialysis, were excluded.

Informants were included if they interacted with the participant three or more days per
week and spend more than four hours at each interaction. This ensured that informants
understood the participant's condition and were able to complete assessments, including
questionnaires.

Clinical evaluations

We examined baseline demographic data including age, gender, years of education, medical
history, and family history. All participants underwent a Mini-Mental State Examination-
Dementia Screening (MMSE-DS)19 test and completed the short form of the Geriatric
Depression Scale20 to evaluate global cognition and depression, respectively. The KDSQ-C,
AD8, and SMCQ were completed separately by participants and their informants to evaluate
participants' cognitive function and activities of daily living. Twenty patients with AD, 20
patients with MCI, 40 normal participants, and their informants were asked to complete the
same questionnaires one month later to determine their test-retest reliability. The order of
administering the three questionnaires was randomly selected. Follow-up questionnaires
were administered in the same order as the initial evaluation.

Statistical analysis

Categorical variables are presented as percentages, and continuous variables are presented
as mean + SD or median (interquartile range). To compare groups, Student's t-tests were
used for continuous variables with a normal distribution, the Wilcoxon rank-sum test was
used for continuous variables without a normal distribution, and the y? test or Fisher's
exact test were used for categorical variables. The sensitivity and specificity of each
questionnaire and the MMSE-DS for diagnosing dementia were calculated with a receiver
operating characteristic (ROC) curve. Areas under the curve (AUCs) with 95% confidence
intervals were generated to assess the diagnostic ability of each screening questionnaire.
The AUCs for each instrument were compared using the DeLong method. The AUCs of the
questionnaires were considered to be statistically significantly different when the Pvalue
was less than 0.008 after applying the Bonferroni correction for multiple comparisons.
The optimal cut-off score for each questionnaire was selected when Youden's index was
maximized by the ROC curve. Test-retest reliability was assessed with the intraclass
correlation coefficient (ICC) and a two-way mixed effects model. Pearson's correlation
coefficient (r) was also calculated. Correlations between participant and informant
questionnaire scores were determined with Spearman's correlation coefficients. Fisher's
r-to-z transformation analysis was used to assess a statistically significant difference
between the two correlation coefficients. Significance was set at P < 0.05. Statistical analyses
were performed with SAS 9.4 (SAS Inst., Cary, NC, USA).

Ethics statement

The current study was approved by the Institutional Review Boards of Seoul St. Mary's
Hospital (KC17QNDEO0093). All participants and informants provided signed informed
consent prior to participation in the study.
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RESULTS

Demographic characteristics

Of the 420 participants, 233 (55.5%) were women (Table 1). The mean + SD for participant
age at the time of assessment was 75.3 * 3.9 years (range, 60-93 years), and the mean years of
education was 9.1 + 4.9 years (range, 0-20 years). The study sample consisted of 200 normal
participants, 50 participants with MCI, and 170 participants with dementia. In the dementia
group, 120 (70.6%) participants were diagnosed with AD, 22 (12.9%) with vascular dementia,
14 (8.2%) with DLB, and 14 (8.2%) with FTD. Eighty-two participants (19.5%) had a family
history of dementia: 12.5% in the normal group, 46.0% in the MCI group, and 20.0% in the
dementia group. The MCI and dementia groups were significantly more likely to have a family
history of dementia than the normal group (P < 0.001) (Table 1). Other characteristics are
presented in Table 1.

Comparison of questionnaire scores by group

Table 2 shows the MMSE-DS and questionnaire scores for the normal and cognitive
impairment groups evaluated by participants and informants. The highest mean MMSE-

DS score was found in the normal group (27.3 + 1.9 points), followed by the MCI group

(24.3 £3.2 points), and the dementia group (18.5 * 5.4 points). The mean + SD scores for
participant-completed KDSQ-C (p-KDSQ-C) were 3.9 + 3.5 in the normal group, 6.4 +5.0

in the MCI group, and 9.3 + 7.4 in the dementia group. The participant-completed AD8
(p-ADS) scores were 1.0 + 1.5 in the normal group, 2.5 + 2.0 points in the MCI group, and
3.7 £2.6 points in the dementia group. The participant-completed SMCQ (p-SMCQ) scores
were 2.9 + 2.6 in the normal group, 5.2 + 3.0 in the MCI group, and 5.9 + 4.0 in the dementia
group. Participant-completed questionnaire scores tended to be lowest in the normal group,
followed by the MCI and dementia groups. Informant-completed questionnaire scores

Table 1. Baseline demographic characteristics of study subjects

Characteristics Total Normal (A) MCI (B) Dementia (C) Pfor Avs.B PforAvs.C
No. 420 200 50 170
Gender, No. (%) 0.486 0.269
Men 187 (44.5) 95 (47.5) 21 (42.0) 71(41.8)
Women 933 (55.5) 105 (52.5) 29 (58.0) 99 (58.2)
Age, yr 0.501 <0.001
Mean = SD 75.3+6.0 73.7+5.4 74.4 £ 5.7 77.5£6.2
Median (IQR) 75.0 (60-93) 74.0 (65-87) 74.0 (66-86) 78.0 (60-93)
Education, yr 0.121 <0.001
Mean + SD 9.1+4.9 9.8+4.3 10.8 £5.5 7.8 +5.1
Median (IQR) 9.0 (0.0-20.0) 9.0 (0.0-19.0) 12.0 (0.0-18.0) 6.0 (0.0-20.0)
Family history of dementia <0.001 0.050
No 338 (80.5) 175 (87.5) 927 (54.0) 136 (80.0)
Yes 82 (19.5) 25 (12.5) 23 (46.0) 34 (20.0)
SGDS 0.075 <0.001
Mean + SD 2.7+2.4 2.9 2= 9).5) 2.7+2.1 3.4+92.5
Median (IQR) 2.0 (0.0-7.0) 1.0 (0.0-7.0) 3.0 (0.0-7.0) 3.0 (0.0-7.0)
Alcohol 0.519 0.431
No 346 (82.4) 162 (81.0) 43 (86.0) 141 (82.9)
Social drinking 67 (16.0) 36 (18.0) 6 (12.0) 95 (14.7)
Chronic alcoholics 7(1.7) 2 (1.0) 1(2.0) 4(2.4)
Smoking 0.051 0.698
No 371(88.3) 178 (89.0) 40 (80.0) 153 (90.0)
Ex-smoker 41 (9.8) 20 (10.0) 7 (14.0) 14 (8.2)
Smoker 8 (1.9) 2 (1.0) 3(6.0) 3(1.8)
MCI = mild cognitive impairment, SD = standard deviation, IQR = interquartile range, SGDS = short form of the Geriatric Depression Scale.
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Table 2. Comparison of questionnaire scores by group

Variables Normal (A) (n =200) MCI (B) (n = 50) Dementia (C) (n =170) Pfor Avs.B PforAvs. C
Participant
MMSE-DS <0.001 <0.001
Mean + SD 27.3+1.9 24.3 +3.2 18.5+5.4
Median (IQR) 28.0 (26.0-29.0) 95.0 (23.0-27.0) 19.0 (15.0-23.0)
Range 21-30 10-29 3-30
p-KDSQ-C <0.001 <0.001
Mean + SD 3.9+3.5 6.4 5.0 9.3+74
Median (IQR) 3.0 (1.0-5.0) 5.5 (3.0-9.0) 7.0 (4.0-12.0)
Range 0-19 0-29 0-30
p-AD8 <0.001 <0.001
Mean = SD 1.0£1.5 2.5+£2.0 3.7+£2.6
Median (IQR) 0.0 (0.0-1.5) 2.0 (1.0-4.0) 4.0 (1.0-6.0)
Range 0-7 0-8 0-8
p-SMCQ <0.001 <0.001
Mean + SD 2.9+2.6 5.2+3.0 5.9+4.0
Median (IQR) 2.0 (1.0-4.0) 5.0 (3.0-7.0) 5.0 (2.0-9.0)
Range 0-14 0-12 0-14
Informants
i-KDSQ-C <0.001 <0.001
Mean = SD 3.2+3.5 8.6 5.4 16.1+ 8.5
Median (IQR) 2.0 (1.0-5.0) 7.0 (5.0-12.0) 15.5 (9.0-24.0)
Range 0-20 1-30 0-30
i-AD8 <0.001 <0.001
Mean = SD 0.8+1.4 & 2= 2 5.3+24
Median (IQR) 0.0 (0.0-1.0) 3.0 (1.0-5.0) 6.0 (3.0-7.0)
Range 0-7 0-8 0-8
i-SMCQ <0.001 <0.001
Mean = SD 24+2.6 6.9 3.3 9.6 £3.8
Median (IQR) 2.0 (0.0-3.0) 7.0 (4.0-9.0) 11.0 (7.0-13.0)
Range 0-13 1-14 0-14

P for differences were determined by using the Wilcoxon rank sum test.

MCI = mild cognitive impairment, SD = standard deviation, IQR = interquartile range, MMSE-DS = Mini-Mental State Examination-Dementia Screening, p-KDSQ-C =
participant-completed Korean Dementia Screening Questionnaire-Cognition, p-AD8 = participant-completed Alzheimer Disease 8, p-SMCQ = participant-completed
Subjective Memory Complaints Questionnaire, i-KDSQ-C = informant-completed Korean Dementia Screening Questionnaire-Cognition, i-AD8 = informant-completed
Alzheimer Disease 8, i-SMCQ = informant-completed Subjective Memory Complaints Questionnaire.

also tended to be lowest in the normal group, followed by the MCI and dementia groups.
Informant-completed questionnaire scores in the MCI and dementia groups were higher than
participant-completed questionnaire scores.

The sensitivity, specificity, and AUC of the MMSE-DS, AD8, KDSQ-C, and SMCQ
ROC curves were generated to measure the effectiveness of each instrument in classifying
the normal vs. dementia groups (Fig. 1). The AUC for MMSE-DS was 0.95. The p-ADS8 had
an AUC of 0.80, which was higher than that of the p-KDSQ-C (0.75) and p-SMCQ (0.73).
For screening of the normal and dementia groups, the p-KDSQ-C had a sensitivity of 0.62
and specificity of 0.77 using a cut-off score of 6. The p-AD8 had a sensitivity of 0.71 and
specificity of 0.75 using a cut-off score of 2, and a sensitivity of 0.61 and specificity of 0.89
using an optimal cut-off score of 3. The p-SMCQ had a sensitivity of 0.49 and specificity
0f'0.84 using a cut-off score of 6 and a sensitivity of 0.67 and specificity of 0.71 using an
optimal cut-off score of 4 (Table 3). The AUCs of the informant-completed ADS8 (i-ADS),
informant-KDSQ-C (i-KDSQ-C), and informant-SMCQ (i-SMCQ) were 0.93, 0.92, and 0.92,
respectively. These AUCs were higher than those of the participants. The i-KDSQ-C had the
best combination of sensitivity (0.85) and specificity (0.79) using a cut-off score of 6. The
i-AD8 had the best combination of sensitivity (0.90) and specificity (0.81) using a cut-off
score of 2. The i-SMCQ had the best combination of sensitivity (0.88) and specificity (0.83)
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Fig. 1. ROC curve (normal vs. dementia). (A) ROC curve, participants. (B) ROC curve, informants.
ROC = receiver operating characteristic, MMSE-DS = Mini-Mental State Examination-Dementia Screening, KDSQ-C = Korean Dementia Screening Questionnaire-
Cognition, AD8 = Alzheimer Disease 8, SMCQ = Subjective Memory Complaints Questionnaire.

Table 3. Sensitivity, specificity of each instrument completed by participants at different cut-off scores for discriminating dementia (normal vs. dementia)

Normal (n = 200) Dementia (n =170) Sensitivity (95% CI) Specificity (95% CI) AUC (95% ClI)
0.95 (0.93-0.97)

Cut-off score
MMSE-DS

>4 184 26 0.85 (0.78-0.90) 0.92 (0.87-0.95)
<94 16 144
299 197 45 0.74 (0.66-0.80) 0.99 (0.96-1.00)
<92 3 125
p-KDSQ-C 0.75 (0.70-0.80)
<6 153 64 0.62 (0.55-0.70) 0.77 (0.70-0.82)
> 6° 47 106
p-ADS 0.80 (0.76-0.85)
<3 177 67 0.61(0.53-0.68) 0.89 (0.83-0.93)
230 23 103
<9 150 49 0.71 (0.64-0.78) 0.75 (0.68-0.81)
) 50 121
p-SMCQ 0.73 (0.67-0.78)
<4 141 56 0.67 (0.59-0.74) 0.71 (0.64-0.77)
> 42 59 114
<6 168 86 0.49 (0.42-0.57) 0.84 (0.78-0.89)
>6 32 84

AUC = area under the curve, CI= confidence interval, MMSE-DS = Mini-Mental State Examination-Dementia Screening, p-KDSQ-C = participant-completed
Korean Dementia Screening Questionnaire-Cognition, p-AD8 = participant-completed Alzheimer Disease 8, p-SMCQ = participant-completed Subjective Memory

Complaints Questionnaire.
20ptimal cut-off by Youden's index.

using an optimal cut-off score of 5. Both the known and optimal cut-off scores had high

sensitivity and specificity (Table 4).

Comparison of AUCs

For discriminating dementia from the normal group with participant-completed
questionnaires, the AUC of the MMSE-DS had significantly better results than did all other
questionnaires (P < 0.001). The AUC for the p-AD8 was significantly higher than the AUCs
for the p-KDSQ-C and p-SMCQ (P < 0.005). The AUCs for the MMSE-DS and all three
questionnaires completed by informants did not differ significantly (P> 0.008) (Table 5).
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Table 4. Sensitivity, specificity of each instrument completed by informants at different cut-off scores for discriminating dementia (normal vs. dementia)

A Comparative Evaluation of the KDSQ-C, AD8, and SMCQ

Cut-off score Normal (n = 200) Dementia (n =170) Sensitivity (95% CI) Specificity (95% CI) AUC (95% CI)
i-KDSQ-C 0.92 (0.89-0.95)
<9 185 36 0.79 (0.72-0.85) 0.93 (0.88-0.96)
>9? 15 134
<6 158 26 0.85 (0.78-0.90) 0.79 (0.73-0.84)
>6 42 144
i-AD8 0.93 (0.90-0.95)
<3 177 29 0.83 (0.76-0.88) 0.89 (0.83-0.93)
>3 23 141
<2 161 17 0.90 (0.84-0.94) 0.81(0.74-0.86)
22 39 153
i-SMCQ 0.92 (0.89-0.95)
<5 166 21 0.88 (0.82-0.92) 0.83 (0.77-0.88)
> 52 34 149
<6 173 32 0.81(0.74-0.87) 0.87 (0.81-0.91)
26 27 138

AUC = area under the curve, Cl = confidence interval, i-KDSQ-C = informant-completed Korean Dementia Screening Questionnaire-Coghnition, i-AD8 = informant-
completed Alzheimer Disease 8, i-SMCQ = informant-completed Subjective Memory Complaints Questionnaire.
20ptimal cut-off by Youden's index.

Table 5. Comparison of AUCs (normal vs. dementia)

Instruments Participant Informant

Difference (95% CI) Pvalue Difference (95% CI) P value
MMSE-DS vs. KDSQ-C -0.205 (-0.256, —0.153) <0.001 -0.029 (-0.060, 0.002) 0.066
MMSE-DS vs. AD8 -0.148 (-0.193, -0.103) < 0.001 -0.023 (~0.054, 0.008) 0.142
MMSE-DS vs. SMCQ -0.226 (-0.279, -0.172) <0.001 -0.030 (-0.063, 0.004) 0.082
KDSQ-C vs. AD8 0.057 (0.019, 0.094) 0.003 0.006 (-0.017, 0.029) 0.628
KDSQ-C vs. SMCQ -0.021 (-0.056, 0.014) 0.240 -0.001 (-0.023, 0.022) 0.954
AD8 vs. SMCQ -0.078 (-0.115, -0.040) <0.001 -0.006 (-0.030, 0.018) 0.603

By DeLong test.

AUC = area under the curve, Cl= confidence interval, MMSE-DS = Mini-Mental State Examination-Dementia
Screening, KDSQ-C = Korean Dementia Screening Questionnaire-Cognition, AD8 = Alzheimer Disease 8, SMCQ =
Subjective Memory Complaints Questionnaire.

Test-retest reliability

At the I-month follow-up, the ICCs of the participant-completed questionnaires were 0.90,
0.86, and 0.88 for the p-KDSQ-C, p-AD8, and p-SMCQ, respectively. For the informant-
completed questionnaires, the ICCs were 0.93, 0.93, and 0.95 for the i-KDSQ-C, i-AD8, and
I-SMCQ, respectively. The test-retest reliability of informant-completed questionnaires was
higher than those completed by participants (Table 6).

Correlation of scores between participants and informants

Table 7 shows the correlation between the scores of the MMSE-DS and the other
questionnaires using Spearman's correlation. The MMSE-DS was negatively correlated with
each questionnaire, and the questionnaires were positively correlated with each other. For
participants, the p-KDSQ-C and p-SMCQ had the highest correlation. The p-SMCQ and
p-ADS, and p-KDSQ-C and p-AD8 also had high correlations. For informants, the i-KDSQ-C
and i-SMCQ had the highest correlation. The i-SMCQ and i-AD8, and i-KDSQ-C and i-AD8
also had a high correlation. Informant- and participant-completed scores were moderately
correlated. The MMSE-DS correlated with the p-KDSQ-C, p-ADS8, and p-SMCQ to a lesser
degree than with the i-KDSQ-C, i-AD8, and i-SMCQ. There were statistically significant
differences between the correlation coefficient of the MMSE-DS and the correlation
coefficients of each of the three other questionnaires as evaluated by Fisher's r-to-z
transformation analyses (Table 8). When the correlations between the MMSE-DS and the
three questionnaires were analyzed by subgroup, the correlation coefficients of the normal
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Table 6. Test-retest reliability

Variables Test Retest Pearson correlation (95% CI) ICC (95% CI)
Participant
KDSQ-C 0.82 (0.73-0.88) 0.90 (0.84-0.94)
Mean = SD 6.5+6.0 6.8 +6.1
Median (IQR) 4.5 (2-9.5) 5(3-9.5)
Range 0-27 0-30
AD8 0.76 (0.65-0.84) 0.86 (0.79-0.91)
Mean = SD 2.4+2.3 24+2.4
Median (IQR) 2 (0.5-4) 2 (0-4)
Range 0-8 0-8
SMCQ 0.79 (0.69-0.86) 0.88 (0.82-0.93)
Mean = SD 4.6 +3.4 4.7 +3.3
Median (IQR) 4 (2-7) 4 (2-7)
Range 0-14 0-14
Informant
KDSQ-C 0.87 (0.81-0.92) 0.93 (0.89-0.96)
Mean = SD 8.6 £7.3 8.8 +8.0
Median (IQR) 7 (2.5-13) 6 (2-13.5)
Range 0-29 0-29
AD8 0.88 (0.81-0.92) 0.93 (0.90-0.96)
Mean = SD 2.7+2.8 2.7+2.8
Median (IQR) 2 (0-5) 2 (0-5)
Range 0-8 0-8
SMCQ 0.91(0.86-0.94) 0.95 (0.92-0.97)
Mean = SD 57+4.4 5.7+4.7
Median (IQR) 5 (1.5-9.5) 5 (1-9)
Range 0-13 0-14

ICC = intraclass correlation coefficient, Cl = confidence interval, SD = standard deviation, IQR = interquartile
range, KDSQ-C = Korean Dementia Screening Questionnaire-Cognition, AD8 = Alzheimer Disease 8, SMCQ =
Subjective Memory Complaints Questionnaire.

Table 7. Correlation of MMSE-DS, KDSQ-C, AD8, and SMCQ between participants and informants

Variables MMSE-DS p-KDSQ-C p-AD8 p-SMCQ i-KDSQ-C i-AD8 i-SMCQ
MMSE-DS 1

p-KDSQ-C -0.437 (< 0.001) 1

p-AD8 -0.569 (<0.001)  0.753 (< 0.001)

p-SMCQ -0.403 (< 0.001)  0.804 (< 0.001)  0.756 (< 0.001) 1

i-KDSQ-C -0.678 (< 0.00T)  0.522 (< 0.001) 0.571(<0.001)  0.476 (< 0.001) 1

i-AD8 -0.691 (<0.001)  0.503 (<0.001)  0.591(<0.001)  0.474 (<0.001)  0.861 (< 0.001) 1

i-SMCQ -0.673 (<0.001)  0.525(<0.001)  0.582 (<0.001)  0.522 (<0.001)  0.890 (< 0.001)  0.861 (< 0.001) 1

Spearman correlation matrix.

MMSE-DS = Mini-Mental State Examination-Dementia Screening, KDSQ-C = Korean Dementia Screening Questionnaire-Cognition, p-KDSQ-C = participant-
completed Korean Dementia Screening Questionnaire-Cognition, AD8 = Alzheimer Disease 8, p-AD8 = participant-completed Alzheimer Disease 8, SMCQ =
Subjective Memory Complaints Questionnaire, p-SMCQ = participant-completed Subjective Memory Complaints Questionnaire, i-KDSQ-C = informant-completed
Korean Dementia Screening Questionnaire-Cognition, i-AD8 = informant-completed Alzheimer Disease 8, i-SMCQ = informant-completed Subjective Memory

Complaints Questionnaire.

Table 8. Results of Fisher's r-to-z transformation for significance of difference between correlation coefficients (n = 420)

Variables Correlation coefficients (95% Cl) P value
Participant Informant

KDSQ-C with MMSE-DS -0.437 (-0.511, -0.356) -0.678 (-0.727, -0.623) <0.001

ADS8 with MMSE-DS -0.569 (~0.630, ~0.500) -0.691 (-0.738, -0.637) 0.003

SMCQ with MMSE-DS -0.403 (-0.480, —-0.319) -0.673 (-0.723, -0.618) <0.001

The Fisher's r-to-z transformation (z score) was used to determine significant differences between correlations.
Cl = confidence interval, KDSQ-C = Korean Dementia Screening Questionnaire-Cognition, MMSE-DS = Mini-Mental
State Examination-Dementia Screening, AD8 = Alzheimer Disease 8, SMCQ = Subjective Memory Complaints

Questionnaire.
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group and the MCI group were lower compared to the total sample, although not statistically
significant. However, the dementia subgroup showed similar results to those of the total
sample (data not shown).

DISCUSSION

To our knowledge, this is the first study to compare the diagnostic ability of three
questionnaires for dementia evaluation completed by participants and their informants.
Regarding informant-completed questionnaires, the AD8, KDSQ-C, and SMCQ showed
highly accurate discriminability for dementia, with no difference in discriminability
between the three questionnaires. Among participant-completed questionnaires, all three
questionnaires showed moderately accurate discriminability for dementia, although they
were lower than those of the informant-completed questionnaires. The AD8 had a higher
discriminability for dementia than did the KDSQ-C and SMCQ, whose discriminability
did not differ from each other. The MMSE-DS correlated negatively with informant- and
participant-completed questionnaires, although informant-completed questionnaires
showed a higher correlation with the MMSE-DS than participant-completed questionnaires.

The AD8 and KDSQ-C assess not only memory and but also other cognitive functions.

The ADS is based on the CDR, but customized for AD.5 The SMCQ consists of memory-
related questions only, and, thus, it may not be able to identify non-AD with non-amnestic
symptoms.11 The KDSQ-C uses responses of ‘no’, ‘sometimes’, and ‘often’,4 while the AD8
and SMCQ use ‘yes’ and ‘no’. Three options can provide more accuracy than two options, but
can make questions more complex and difficult to answer. Dementia patients, especially, may
have difficulty selecting the best answer. Therefore, the AD8 may have better results than the
other questionnaires when completed by participants. The present findings are compatible
with previous research.”

When comparing questionnaire results between participants and informants, informant-
completed questionnaires were more reliable than participant-completed questionnaires.
This finding is in line with previous studies, showing that informant-based measurement
is more useful in early screening for cognition changes.21,22 However, questionnaires
completed by patients with MCI or mild dementia could be used to screen for cognitive
decline. The AD8 was superior to the other questionnaires. Considering that most patients
attend health check-ups without an informant, the results of this study have important
practical implications.

We presented two cut-off scores: the cut-off score from previous studies#>11 and the cut-off
score we obtained with Youden's index. Using a different cut-off changes questionnaire
sensitivity and specificity. We suggest that using cut-off scores with a higher sensitivity is
better, because these questionnaires will be used in screening for dementia. The present
study confirmed the known cut-off scores as useful in the KDSQ-C and ADS8; however, we
recommend a new cut-off score for SMCQ.

When the questionnaires were completed by the informant, all three questionnaires had
higher scores than when completed by the participants in the MCI and dementia groups. These
findings suggest that the MCI and dementia groups could perceive their cognitive decline and
evaluate the deficit, but they had less ability to properly evaluate their symptoms and functions
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than did informants. In the normal group, participants reported higher scores than did
informants, probably because some participants with SCD were included in the normal group.

A Comparative Evaluation of the KDSQ-C, AD8, and SMCQ

Medical check-ups often depend on a country's social context and cultural background
rather than scientific evidence. Korea's population is aging more rapidly than any other
country in the world, became an aged society in 2017, and will be a super-aged society by
2026.23 Dementia has rapidly emerged as a major health problem in Korea.! This context
has influenced the Korean national screening program for cognitive impairment to be
implemented for patients over 65 years old.

The present study has public health implications. In cases where informant-report is
possible, we recommend the KDSQ-C continue to be used in national medical check-ups.
The KDSQ-C is not different from AD8 or SMCQ in discriminability for dementia, and
consistent data collection by the same questionnaire is important. In cases where informant-
report is not possible, either the patient-completed KDSQ-C or AD8 may be used, although
their discriminability is lower than those of informant-completed questionnaires. Thus, it

is important to obtain information from the informant, even if only by telephone, when the
KDSQ-C is used in national medical check-ups.

The present study has several strengths. It is a multicenter study involving sites across the
country. Questionnaires were administered to all participants and informants. The diagnosis
was based on clinical symptoms and laboratory findings and not limited to questionnaire
results. Test-retest reliability of questionnaires was assessed for both participants and
informants. There are also several limitations of the present study. First, participants were
recruited from tertiary university hospitals and dementia centers, and may not represent

the general population. Second, the normal group may have included participants with

SCD, which might have influenced the results of the present study. Third, as AD accounts

for the majority (70.6%) of dementia participants in the present study, we were not able to
analyze AD and non-AD dementia, respectively, due to the small sample of non-AD dementia
patients. Dominance of AD among dementia might have produced better discriminability

of AD8 over KDSQ. Fourth, the small number of MCI cases prevented determining the
discriminability of the scale for screening of MCI with validity. Finally, we did not perform
imaging studies or comprehensive neuropsychological tests for the normal group.

In conclusion, the KDSQ-C should continue to be used in national medical check-ups in
cases with an available informant. When an informant is not available, either the KDSQ-C or
AD8 may be used. It is important to obtain information from the informant, even if only by
telephone, when the KDSQ-C is used in national medical check-ups.
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